In Response:
============

First, we would like to thank Albiero et al for the letter they submitted regarding our article.^[@R1]^ In their letter, they highlight the importance of paradoxical embolism as one of the plausible mechanisms in patients with cryptogenic stroke in the setting of coronavirus disease 2019 (COVID-19). This is particularly the case due to the increased prevalence of deep vein thrombosis and pulmonary embolism in hospitalized patients with COVID-19 infection.^[@R2],[@R3]^

We agree with the authors that paradoxical embolism is a potential mechanism, and it may be useful in some patients to look for a cardiac shunt in patients with COVID-19 and ischemic stroke. In our study, only 10% (3/32) had evidence of deep vein thrombosis/pulmonary embolism, which provides indirect evidence that paradoxical embolism may not be the most important mechanism for stroke in these patients. Another yet smaller study, however, reported a higher percentage of deep vein thrombosis/pulmonary embolism in patients with ischemic stroke and COVID-19 infection.^[@R4]^

In our study, we found markedly elevated d-dimer levels (\>2000 ng/mL) in 95% (20/21) of patients with cryptogenic stroke subtype suggesting that hypercoagulability is a more compelling mechanism. In addition, it should be noted that nearly 47% (10/21) of patients labeled as cryptogenic stroke in our study had an incomplete diagnostic evaluation and, therefore, it is difficult to consider paradoxical embolism as the mechanism of stroke given the lack of diagnostic tests needed to rule out other high-risk stroke mechanisms.

Unfortunately, in our study and other studies, most patients did not receive a bubble study with the transthoracic echocardiogram. Thus, the true prevalence of patent foramen ovale (PFO) in patients with ischemic stroke and COVID-19 remains unknown, and future studies are needed to compare the prevalence of PFO in patients with cryptogenic stroke with or without COVID-19 to provide evidence whether paradoxical embolism is a compelling mechanism in cryptogenic stroke in the setting of COVID-19.

As the relationship between COVID-19 and ischemic stroke remains uncertain, a complete diagnostic evaluation of ischemic stroke in patients with COVID-19 should be performed if possible to rule out conventional stroke mechanisms.^[@R5]^ It is suggested that COVID-19 can lead to ischemic stroke via inflammation and hypercoagulability leading to thrombosis, cardiac dysfunction leading to cardioembolism, and cervical artery dissection.^[@R5]^ These potential mechanisms, in addition to paradoxical embolism, should be considered, particularly in those patients whose ischemic stroke remained cryptogenic despite a complete diagnostic evaluation.

Although studies have shown a benefit of PFO closure in select patients with PFO and cryptogenic stroke, it remains uncertain whether patients with cryptogenic stroke patients in the setting of COVID-19 would benefit from PFO closure. In fact, PFO closure trials excluded those patients with underlying hypercoagulability. Therefore, detecting a PFO in patients with ischemic stroke and COIVID-19 infection may not necessarily lead to a change in clinical management, especially that anticoagulation treatment has been suggested for primary and secondary prevention in patients with COVID-19 and elevated d-dimer levels.

Again, we thank Albiero et al for their letter, and we hope that future studies address the possibility of paradoxical embolism as a potential mechanism in patients with cryptogenic ischemic stroke and COVID-19.
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